/1Q\ 

VI »; 


Ok Europdlsches Patentamt 


1 rairaia itiiii ill ■■ni ■iin ■■III ilt^l mil llitl ■■in illtf mill llll llll llll 

imiiiiiniiHiiiiii 


^KMI European Patent Office 






Office euroD^en des brevets 


(11) EP 0 831 096 A2 


(12) 


EUROPEAN PATENT APPLICATION 


(43) 


Date of publication: 


(51) Int. CI. : WrU/U •to//Uo, dUU ^wuh 




25.03.1998 Bulletin 1998/13 


// (C07D487/0B. 241 :00, 


(21) 


Application number: 97116086.6 


241 :00) 


(22) 


Date Of filing. iD.Q9.1997 




(84) 


uesiQnaieu vonuBCung ouneo. 


(72) Inventors: 


AT BE CH DE DK ES R FR GB GR IE IT U LU MC 


• U, Hong-Xin 




NL PT SE 


Allentown, PA 18104 (US) 




Designated Extension States: 


• Santiesteban, Jose Guadalupe 




ALLTLVRO SI 


Allentown, PA 18103 (US) 






• Armor, John Nelson 


(30) 


Priority: 23.09.1996 US 716758 


Orefield,PAl8069(US) 


(71) 


Applicant: 


(74) Representative: 


AIR PRODUCTS AND CHEMICALS. INC. 


Sandmair, Kurt, Dr. Dr. 




Allentown, PA 18195-1501 (US) 


Patentanwaite 




Schwabe, Sandmair, IMarx 






Stuntzstrasseie 






81677 MQnchen (DE) 



(54) TOethylenedlamlne synthesis with base-treated zeolites as catalysts 



(57) A process tor preparing triethylenediamine by 
passing an ethanolamine. ethyleneamine, piperazine or 
morpholtne over a pentasil-type zeolite at elevated tem- 
perature characterized by employing a ZSM-5 zeolite in 
the hydrogen or ammonium form which has been pre- 
treated with an aqueous caustic solution. 



CM 
< 
CD 



CO 
CO 

Q. 

UJ . 

Printed by xaroK (UK) Business Services 
2.1S.120.4 



BEST AVAIUVBLE COPV 



EP0 831 096A2 

Description 

TECHNICAL FIELD OF T HE INVENTIOM 

The presait Invention relates to the preparation of triethytenedlamine (TEDA) by contacting nitrogenK»ntaining 
conpounds with zeolites at elevated tenpeiBture. a -vu i<i.n.ng 

BACKGROUND OF THE IMVFfJTir>M 

The synthesis of TEDA from a variety of amine compounds using metallosilicates is well known in the art. 

US 3.956.329 discloses a process for preparing TEDA from a number of amine compounds using untreated zeo- 
lite catalysts with a SiOg/AtOs (silica to alumina) ratio between 2 and 12. 

U.S. 4.804 J58 discloses the preparation of TEDA from certain heterocyclic amines in the presence of borosilicate 
and/or iron silicate zeolites as catalysts. 

U.S. 4.966.969 and 5.041 .548 disclose the preparation of TEDA from amine compounds using a catalyst compris- 
'"^J? »^aving a silicaMietal oxide molar ratio of 12/1 or more, in particular, a metallosilicate 

crystallized in the presence of an organic crystallizing agent. 

^. discloses a method of preparing TEDA by contacting acyclic or heterocyclic amines with untreated 

nigh-sihca zeolite having a silica to alumina ratio of at least 20 to 1 . 

EP 382 055 discloses a process for synthesizing TEDA from ethylenediamine and 0 to 200 moIe% piperazine on 
aluminum, boron, gallium and/or iron silicate zeolites. 

. ffj?^^ "^'ff preparation of TEDA and piperazine from ethylenedlamine-water mixtures which is cat- 
^^5^ . * ® P®^^' *^ weakened acidity, i.e.. which contain alkali metal ions or in which the alumi- 

num of the zeolite skeleton has been isomorphously replaced by iron. 

EP 312 734 discloses that piperazine can be converted directiy to TEDA in the presence of zeolites, preferably 
untreated zeolites having a pentasil. especially a 2SM-5. structure. 

EP 313 753 discloses the preparation of mixtures of TEDA and piperazine from polyethylene polyamines and/or 
ethanolamines using an untreated pentasil zeolite. 

The following references disclose caustic treatment of zeolites: 

U.S. 4.730.025 discloses a method for purifying zeolitic materials comprising a plurality of solid crystalline phases 
which uses tiie variation in solubility between the phase components conprising the materials. Impure zeolite is con- 
tacted v«th a caijstic solution under conditions which dissolve at least one of the phases, and the resulting zeolitic mate- 
nal IS fHtered and washed to produce a purified product. Col 3/23+ states that it is known in the art to expose a zeolite 
to conditions of high alkalinity to effect a change. 

Uu. et al. (J. Chem. Soc, Chem, Commun.. 1986. p582) reports the treatment of ultra-stable zeolite Y with an 
aqueous solution of KOH where non-framework Al was reinserted to the zeolite lattice upon treatment 

Dessau, et al. (ZeoWes. 1992. vol. 12. p776) shows that treatment of ZSM-5 crystals with an aqueous base solution 
resulted in partial dissolution of the sample with preferential removal of silica. 

SUMMARY OF THE IN\/FN|T ION 

The present invention is directed to a process for preparing TEDA by contacting an amine-containing compound 
""^ .1? hydrogen {H+) and/or ammonium (NH4+) form at elevated temperatures. The zeolite 

<^yst used in the process is one which has been treated with an aqueous caustic solution prior to its conversion to 
ine n+ or IMH4+ form. 

Such caustic treatment at least partially deactivates the external sites of the zeolite catalyst for acid catalyzed reac- 
tions and swprBinglyimproves the selectivity toM»id TEDA production. Some of the amine compounds typically used 
in making TEDA. such as ethylenediamine (EDA), are very reactive on the eicternal sites of zeolite catalysts giving 
unoesired products. # » » 

DETAILED DESCRIPTION np THE INVFMTinK| 

As the starting material to be used In the process for preparing TEDA. any amine compounds having, in the mole- 
cule, a moiety represented t)y the following general formula can be used: ». «r 

— X— CH2— CH2— ig< 

where X is oxygen or nitrogen. Typical examples of suitabia amine compounds are ethanolamines. including monoeth- 



2 

BEST AVAILABLE Cv.. 



10 



IS 



20 



25 



30 



35 



40 



46 



SO 



55 



EP 0 831 096 A2 

anolamine. dielhanolamine and triethanolamine; ethyleneamines, including ethylenediamine. diethylenetriamine and 
trlelhylenetetramine; piperazine and Hs derivatives N-hydroxyethylpiperazine and N-aminoethylpiperazine; morphofine 
and otsviously mixtures of the foregoing. 

The aystalline metallosilicate (zeolite), which is used as the catalyst in the process, has a crystal skeleton mainly 
comprised of silicon dioxide (silica: SiO^ and aluminum oxkle (alumina; AI2O3), Iron oxide or boron oxide. Alumina is 
the preferred metal oxide. The silica/metal oxide molar ratio is 12:1 or more, preferably 25:1 to 1000:1. and more pref- 
erably 50:1 to 500:1 . Iff the sllicaAnetal oxide molar ratio is less than 1 2:1 , the yield of TEDA is undesirably low. 

There are no special limitations to tiie crystalline aluminosilicate that is used as long as it satisfies tine above sil- 
ica/alumina molar ratio. Crystalline alumlnosilicates having a main pore made of a ten-membered ring of oxygen, espe- 
cially those belonging to members of the pentasil-type structure, are preferred with ZSM-5 zeolite being most preferred. 

The preparation of suitable pentasil zeolite catalysts is well known to those skilled in ttie art as illustrated by tiie pre- 
viously cited patents and literature references. In addition, suitable pentasil zeolites are commercially available from 
many sources such as Degussa AG and CU Chemie Uetikon AO. 

Crystalline aluminosilicales of the pentasil family as obtained by tiie hydrotiiermal synttiesis using an organic crys- 
tallising agent are particularly preferred. Among tiie pentasil types, tiie zeolite structures ZSM-5. ZSM-1 1 . ZSM-8. and 
ZSM-5/ZSM-1 1 -intermediates are prefen-ed, especially ZSM-5. 

The zeolite catalysts are used in their hydrogen form (H+) and/or tiieir ammonium form {NH4+) after having under- 
gone the aqueous caustic solution pretreatment. 

For example, a pentasil-type crystalline aluminosilicate can be prepared by ttie hydrotiiermal syntiiesis using a mix- 
ture composed mainly off a silica source. e.g.. colloidal silica, silica gel. or silicic acid salts such as water glass, and an 
aluminum oxide source. e.g.. tiie sulfuric acid salts, nitric acid salts or oxy acid salts of alumina, such as aluminum sul- 
fate and sodium aluminate. in ttie absence or preferably in the presence of an organic crystallizing agent, e.g.. amines 
such as tetraalkylammoniumhalide having 2 to 5 carbon atoms. , ,, ,. ^1 

There is also known a method in which ttie hydrotiiermal synthesis is perfbrmed in ttie presence of alkali metal 
compounds such as the hydroxides and halides of alkali metal such as sodium and tiie like. 

The crystalline aluminosilicate obtained by ttiese methods is generally not of the H+ or NH4+ form, but of ttieform 
that H+ and NH4+ are replaced by quaternary ammonium ion and/or alkali metal ion such as Na+ and tiie like. There- 
fore, tiie crystalline aluminosilicale must he changed into the H+ or NH4+ ffbrm, and ttiis exchange can be easily 
achieved by known methods after tiie aqueous caustic solution treatment. 

Witti regard to ttie caustic treattnent ttie prepared aluminosilicate is contacted, for example, wrth an apueous 0^1 
to 5 molar caustic solution, such as sodium or potassium hydroxWe or even ammonium hydroxide, at 0 to 100^ for 0.01 
to 100 hours, preferably 0.5 to 3 molar caustic solution at 20 to 80*C for 0.5 to 5 hours. It is desirable to perfbrm such 
contact using 1 0 to 30mL aqueous solution/g zeolite. 

For changing the alkali metal ion of the caustic treated zeolrte into H+ or NH4+. tiiere is often employed a method 
in which ttie alkali metal salt-type crystalline aluminosilicate is treated witii an aqueous solution of ammonium salts, 
such as ammonium nitrate and ammonium sulfate, to form an ammonium salt-type <^nrstalline aluriiinos^^ 
ammonium salt-type crystalline aluminosificate may then be calcined in ttie air at a temperature of 300 to 600'C, preff- 
eratily 400 to 500''C, to obtain ttie H+ form crystalline zeolite. 

While ttie zeolite as used in ttie present invention is preferably of the H+ and/or NH4+ form, ttie H+ and/or NH4+ 
may be partially replaced by other cations, such as alkali, alkaline earth, rare earth, transition metals, oxides etc.. as 
lono as tiie object of the present invention can be obtained. 

The catalyst of tiie present invention can he used in any desired form, such as powder, particles, strips, spheres 
and pellets. The catalyst can he self-bound or moWed witti a binder such as silica, alumina, titania. zirconia. natural 
days and/or mixtures off ttiese materials be mixed with ttie zeolite. Naturally occurring clays which can be composited 
with ttie zeolite catalyst include ttie monttnorillonite and kaolin family These clays can be used in ttie raw state as ong- 
inally mined or initially subjected to calcination. acWtreatinent or chemical modification. ^ ^. * 

Of all the matrix materials mentioned above, materials of low acidity such as silica or zirconia are preferred in tt^at 
they prevent unwanted side reactions engendered by more active materials such as alumina. The performance off alu- 
mina can. however, be improved by altering its acid properties via chemical modification. 

The relative proportions of zeolite and mati-ix material can vary widely with tiie zeolite content ranging from 10 to 
98 wt%. and more usually in ttie range off 50 to 90 wt%. of the composite. ^. . ... . _4 ^ 

m accoidance witii ttie process of ttie present invention, tiie desired TEDA can be efffiaently obtained by reacting 
amine compounds having in ttie molecule a group represented by tiie general fbrmula: 

— X— CH2-CH2-^< 

as tiie starting material using the described zeolite catalyst under pressures ranging from 0.001 to 200 atm (0.1 to 
20,000 kPa), preferably 0.01 to 10 atm (1 to 1000 kPa). 
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S.^^n'^^H- "'"^.''ons. such as reaction tenperature. reaction time and starting materials/catalyst 

lion ^^IfSltTn^ performed batch-wise, semi-continuously or continuously. In the case of the continuous reac- 

^SJ^n^^Sl^!^^ "^'t ''^'^^ ^ "^^y 0 to 10 hri . -me preferred^t 

J d^ermmed depending on the temperature. For example, at 300«C. WHSV is 0.02 to 2 hr-^. and at MO-C. rtis 0 1 to 

nitrJ,"^ t«^^,!L*^ com^und as a starting material, rt may be dOuted with an inert gas such as hydrogen 

re?ea^1rS:?e'SSSS^°^^^^^ 

EXAMPLE 1 



Preparation nf M7RM.ff 



MH ^ I^^^tf ^'^^'^^ from Degussa AG Modul 180) was exchanged with 800 mU of 1 0 M aqueous 

NH4N0a solution. The solid was fUtered. washed witti deionized water, and dried at 110»C to viil Na,isM s hz^m 

rnina molar rabo of 160 and contained less than 0.01 wl% Ma. - « «iica/aiu- 



EXAMPLE2 



Preparatio n of Base-trpated HZSM-,*; 

at ,«im ♦«^J!!?!'^'^*!^!!^'t 180) was Stirred in 250 mL of 2.0 M NaOH solution 

at room temperature for two hours. The solid was filtered, washed witti deionized water and dried at i io^^ TT,rh«<2 
treated sample was ttien exchanged witti 200 mL of 1.0 M aqueous NhX tS^in NH ZSM s hz?m^ 

mina molar ratio of 153 and contained less than 0.01 wt% Na. wii^uoiu 
K J=3'a5«* Examples 1 and 2 were characterized Ijy infrared spectroscopy. Excess hvdroxvl orouos /bmari 
t>and centered at 3458 cm"' in the spectrum) were present in the non-tre3ed ™S ?Sl?c^S5SS 

groups were successfully removed after base treatment as was evidenced by infrar^ ^SSJScST 

EXAMPLES 3 AND 4 



TEDASvnthftsfe 



partiS^?r87fm^wtrifiH^''l!^l°*'^'*''^*^^ 1 cc (about 0.6 g) Of catalyst 

partial of 18-35 mesh were loaded into the reactor. The reactor was heated to 340»C under a flow of nitm,«n An-IT 

rr:s^nJ^sr^l^^5°^ - - ---^ - ^ ssurrtSr::^ 



Table 1 





Catalyst NaOH Treat- 
ment 


Time on Stream (hr) 


EDA Conversion (%) 


TEDA Molar Selectivity 
(%) 


Examples 


No 


6 


96.0 


21.0 






21 


88.7 


22.9 


Example 4 


Yfes 


6 


100 


56.3 






32 


100 


54.5 
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Catalyst load: 0.6 g 

Feed compositton: EDA/HgO (25^5 wl%) 

Conditions: 340<'C. 1 atm, N2 » 8 ccAnin 

5 INDUSTRIAL APPLICATION 

The present invention provides an improvement in the production of TEDA from amine compounds using a zeolite 
catalyst. 

10 aalms 

1. In a process for preparing triethylenediamine by passing an amine compound over a pentasil-type zeolite at ele- 
vated temperature, the improvement which comprises employing a pentasil-type zeolite in the hydrogen or ammo- 
nium fbmi which has been pretreated with an aqueous caustic solution. 

IS 

2. The process of Claim 1 in which the caustic is sodium or potassium hydroxide. 

3. The process of Claim 2 which uses a 0.1 to 5 molar aqueous caustic solution. 

20 4- The process of Claim 3 which uses 1 0 to 30 mL aqueous caustic solution/g zeolite. 

5. The process of aaim 3 in which the zeolite has a siiica/metal oxide molar ratio of 25:1 to 1000:1 . 

6. The process of Claim 5 in which the zeolite is a ZSM-5. ZSM-8 or ZSM-1 1 zeolite. 

25 

7. The process of Claim 1 in which the amine compound has. in the molecule, a moiety represented by the following 
general formula 

_X— CHg-CHg-^ 

30 

where X is oxygen or nitrogen. 

8. In a process for preparing triethylenediamine by passing an amine compound having, in the molecule, a moiety rep- 
resented by tiie following general formula 

^ __^-_CH2--CH2— N< 

where X is oxygen or nitrogen, over a pentasil-type zeolite at elevated temperature, the improvement which com- 
prises employing a ZSM-5 zeolite in tiie hydrogen or ammonium form which has been pretreated with a 0.1 to 5 
40 molar aqueous sodium or potassium solution. 

9. The process of Claim 8 in which the amine compound is an etiianolaiTune. an ethyleneamine, a piperazine or mor- 
pholina 

45 10. The process of Claim 8 in which the amine compound is ethylenediamine. 

1 1 . The process of Claim 3 which uses 1 0 to 30 mL aqueous caustic solution/g zeolite. 

12, The process of Claim 8 in which the zeolite has a silica/alumina molar ratio of 25:1 to 1000:1 . 

so ... 

13, In a process fbr preparing triethylenediamine by passing an ethanolamine. an ethyleneamine, a piperazine or mor- 
phollne over a pentasil-type zeolite at elevated temperature, the irrprovement which comprises employing a ZSM- 
5 zeolite having a silica/alumina molar ratio of 25:1 to 1000:1 in the hydrogen or ammonium fbmi which has been 
pretreated w'rth a 0.1 to 5 molar CKiueous caustic solution. 

55 

14. The process of Claim 13 in which tiie zeolite has a silica/alumina molar ratio of 50:1 to 500:1 . 
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